ABSTRACT
Introduction
Isolated minor ultrasonographic anomalies are evaluated as a variant of normal fetal anatomy in the second trimester fetal ultrasonography (1) (2) (3) . Hyperechogenic bowel (HEB) is one of the minor anomalies and was first described by Lince et al. (4) . Fetal bowel is observed echogenic in ultrasonography due to meconium accumulation after 16 th week of pregnancy (5, 6) . The echogenicity of the fetal bowel is often compared with bone tissue echogenicity as bright as nearby bone on the lowest gain setting (7, 8) .
Hyperechogenic bowel is observed between 0.6% and 1.4% in the second trimester ultrasonography (8) (9) (10) . It is predicted that perinatal complications (intrauterine growth restriction, intraamniotic hemorrhage, perinatal death, karyotype anomalies, cytomegalovirus, parvovirus, toxoplasmosis, fetal metabolic diseases, small bowel obstruction, bowel agenesis, observer error, etc.) can be seen in 4-20% of pregnancies (11, 12) . In the second trimester, in 60% of fetuses with HEB, no anomaly is seen in the postnatal period, although 40% karyotype anomaly, intrauterine growth restriction (IUGR) or perinatal death can be seen (7, 8, 10, 13) . HEB should be evaluated routinely on second trimester sonography as it is accompanied by anomalies leading to perinatal morbidity and mortality.
The aim of this study was to evaluate the perinatal outcomes of pregnancies with fetal HEB.
Material and Method
This retrospective cohort study was approved by the local ethics committee (02.02.2018-18). This study was conducted on pregnant women who age 22-44 years old in the second or third trimester, who were referred to our high-risk pregnancy unit because of fetal HEB detected on ultrasound; between January 2013 and December 2017. All cases with HEB in which either combined screening test or triple tests were performed were included in the study. The detailed fetal anatomic scan was performed to reveal associated abnormalities and malformations. Sonographic evaluations were performed by at least two perinatologists, who were experienced in maternalfetal medicine in order to prevent misdiagnosis. Ultra sonography was performed by using the 2-7 MHz abdominal probes of the sonographic system of Voluson Expert (General Electric Healthcare Systems, Austria). During the ultrasonographic evaluation, the fetus; head, face, neck, thoracic cavity (fourchamber view of the heart and outflow tract), abdominal cavity, extremities (including hands and feet), spinal cord, long bones, and genital region were evaluated. We reported abnormalities of each organ. Cytogenetic evaluations were performed on amniocentesis samples by conventional karyotype analysis at all patients. Amniotic cells were cultured after amniocentesis. 20 metaphase phases were expected in at least 5 cultures. Major chromosomal defects identified in seven cases. All infants were followed-up to June 2018 from time of diagnosis. Demographic questionnaire and face to face interview were used to obtain data.
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards (14) .
The consent for using data was obtained from all individual participants included in the study.
Results
A total of 100 fetuses with HEB that with isolated and nonisolated were included in the study. The mean maternal age of all cases was 32.7 years and the mean diagnosis gestation week of HEB was 17 weeks. The median gravida was 3, the parity was 2, and the mean birth weight was 3244 ± 314 gram. Three of the patients (3%) included in the study were pregnant with assisted reproductive techniques (ART) and the rest were spontaneous pregnancies. All of the pregnancies with ART were in the HEB with major anomalies. The screening test was reported as a high-risk in 18 (60%) patients and also in other 12 (40%) had advanced maternal age in isolated HEB. Five cases had vaginal bleeding that three of them were in the first trimester and two in the second trimester in the prenatal period.
Major chromosomal defects identified in (7%) cases (Table I) . One (1%) of them were identified as 46 XX, t (2,22) (9q9) in isolated HEB and 6 (6%) in echogenic bowel with major anomalies. In HEB with major anomalies, four of six chromosomal disorders were reported as trisomy 21 (4%), one as tetrasomy 12p (1%), and one as 69XXX (1%). In the antenatal ultrasonography, there were seven patients (7%) having cardiac pathology (two left heart hypoplasia, three VSD, one truncus arteriosus , one tricuspid prolapse), two (2%) had a urinary system anomalies, seven (7%) had neural tube defects (three Arnold-Chiari syndrome, two cases anencephaly, one holoprosencephaly, one Dandy-Walker malformation), two (2%) had hydrops fetalis, two (2%) had gastrointestinal system anomaly (one case with absence of a gastric bubble, one case with intestinal dilatation), three patients (4%) had skeleton anomaly (one club foot, one club foot and clenched hand, one brachycephaly) at this study. In two (2%) of the patients, IUGR was present at the time of the first visit. Ten (10%) of the cases were terminated due to severe malformations with the request of the family.
There were pelviectasis in 16 cases (16%), echogenic cardiac focus in 17 cases (17%), and choroid plexus cyst in 17 cases (17%). Nasal bone hypoplasia was detected in seven cases (7%), short femur length was detected in two cases (2%). In the first trimester, there were increased nuchal translucency in three cases (3%). Bilateral uterine artery notching was detected in two cases (2%) in Doppler ultrasonography.
Sixty-one patients of all cases were reached by phone in the postnatal follow-up. Forty-seven of them did not develop any disease after childbirth. Three cases (4.9%) with renal disease, one patient with cardiac disease (1.6%), two cases with skeletal anomaly (3.2%), and four cases with neural tube defects (6.5%) were present in the postpartum period. There were no permanent respiratory system diseases in the postnatal follow-up. Postnatal follow-up revealed no immunodeficiency. One patient in ventricular septal defect with HEB had lactose intolerance during postnatal follow-up. In the postnatal period, in isolated HEB, two cases had a food allergy, one of them had lactose intolerance and one had celiac disease. Thus, food allergy was found in three cases (4.9%) in the study. Hydrocephalus developed in two (2%) patient after the detection of HEB.
Discussion
Isolated HEB should be evaluated as a minor marker as a variant of normal. Minor anomalies are considered as fetal echogenic intracardiac focus, choroidal plexus cyst, isolated renal pelviectasis, HEB (15) . Fetal bowels are compared with bone tissue echogenicity (6-8), but some authors have recommended comparison with fetal solid organs [liver (9,10), lung (16) ]. According to the classification of ultrasonic echogenicity determined to minimize observer error in HEB evaluation; grade 0: normal, grade 1: increased echogenicity, but less echogenic from bone, grade 2: equal echogenicity to bone, grade 3: echogenic than bone, was divided into 4 groups (17).
Hyperechogenic bowel can be isolated or seen in many diseases. HEB can be observed in 0.1-1.8% of normal pregnancies (9) . HEB is defined as a non-specific prenatal marker in cases such as cystic fibrosis, chromosomal aneuploidies, small bowel obstruction, Hirschsprung's disease, intestinal atresia, intraamniotic hemorrhage and oligohydramnios (9, 18) .
Isolated fetal HEB does not require additional research, however, in study in 2018, data from the Ministry of Health of Israel between January 2013 and September 2016 were examined and cases with chromosomal microarray analysis were retrospectively evaluated. Chromosomal microarray analysis in 9272 pregnant women was compared with the chromosome results of 5541 pregnant women with normal ultrasonographic findings. According to 103 chromosomal microarray analysis performed for isolated HEB, 2 samples (1.94%) were abnormal (47, XYY and 16p11.2 duplication). According to the results of this study, it was found that isolated HEB pregnancies had no risk increase for abnormal chromosomal analysis compared to fetuses without sonographic anomaly findings. In the management of such pregnancies, it is suggested that chromosomal evaluation (invasive chromosomal examination) should not be different from pregnancies with normal ultrasonography (13) . These results confirm that fetal HEB is one of the minor markers. The data of our study confirmed this information and one of 30 patients had a chromosomal disease.
In a study, 7% of fetuses with down syndrome were associated with isolated HEB. Despite this high rate, HEB is not a specific marker for trisomy 21 but can be considered as a soft marker according to the literature (9, 10, 19) . In a meta-analysis performed in North America, 230 cases were evaluated and in 60% of all cases, there was not the additional anomaly in the postnatal follow-up. Karyotype abnormalities, intrauterine growth, and perinatal mortality rates were high in the diseased group (7) (8) (9) (10) 13) . Sex chromosomal abnormalities such as turner syndrome were determined among the aneuploidies, mostly trisomy 21. The frequency of aneuploidy ranged from 3% to 27%. Trisomy 13,18, Turner syndrome and triploidy are also observed in chromosomal diseases (9, 19) . In a study of the perinatology clinical data of Zekai Tahir Burak Training and Research Hospital between 2007 and 2010 were evaluated ultrasonographic findings of fetuses with 177 aneuploidies in the second trimester. HEB was detected in 4.1% of fetuses with trisomy 21 and in 13.3% of fetuses with trisomy 18 (20) .
In our study, four cases (4%) with trisomy 21 were detected in HEB isolated group. There is one case 69XXX, one case tetrasomy 12p, one case 46 XX, t (2,22) (9q9) (total seven cases (7%) chromosomal anomaly), however, we found normal karyotype analysis of all remaining cases. The patient with 69XXX in diagnosed with HEB in the second trimester was evaluated as partial molar pregnancy histopathologically after suction curettage. We evaluated the case of tetrasomy 12p as Pallister-Killian syndrome. 46 XX, t (2,22) (9q9) determined that the fetus was caused by paternal heredity after chromosomal analysis of the parents. Thus, in our study, it was concluded that in fetuses with HEB, trisomy 21 can be used as a soft marker to determine the risk, in cases with isolated cases no additional examination is required, and karyotype analysis should be performed in the accompanying anomalies. It is necessary to take a collective decision about chromosomal sampling by interviewing with the family in isolated HEB. It is recommended to give information about trisomy 21 to pregnant women who do not have bleeding in the antenatal period.
Recently a study had evaluated 422 fetuses with HEB and 59 (14%) patients were developed IUGR (21) . Blood flow away from the intestine was thought to cause this condition (22) . Ecevit et al. examined three cases who developed necrotizing enterocolitis with the presence of end-diastolic flow loss or reverse flow in the umbilical artery with HEB in the early neonatal period. Necrotizing enterocolitis development secondary to chronic hypoxia in these fetuses was reported earlier than the expected day, as the beginning first day of life (23) . In our study, we detected two IUGR cases (2%) and detected gastrointestinal system anomalies (absence of a gastric, intestinal dilatation) in these cases (2%).
Hyperechogenic bowel is observed between 50-70% in cystic fibrosis (1, 24) . Diffuse echogenicity, calcified focal echogenicity, hyperechogenic mass or bowel enlargement can view in bowel ultrasonography in cystic fibrosis. This image is thought to be due to the change of meconium density by pancreatic enzyme abnormalities in cystic fibrosis (11, 25, 26) . Cystic fibrosis is observed in 0,8 -13,3% of HEB fetuses (12, (26) (27) (28) . Cystic fibrosis cases were not found in our patients with postnatal follow-up.
Hyperechogenic bowel can be also associated with intrauterine infections (cytomegalovirus, toxoplasma, and parvovirus) and metabolic diseases (29) . HEB can be observed in 0-10% of congenital infections (27) . Cytomegalovirus infection is seen as the most common infection (12) . In the thalassemia, HEB is a rare disease. The hypoxic-anemic process caused by bowel wall edema cause HEB at thalassemia (28) . None of our cases had a prenatal infection.
In case of intra-amniotic hemorrhage, it is thought that hemosiderin pigment, which is swallowed from the amniotic fluid of fetus, may cause an increase in echogenicity of the bowel. In a study, 3.1% of the amniotic fluid was shown to be extremely contaminated with blood (12) . In another study in which 28 fetuses without HEB were evaluated before intrauterine transfusion, ultrasonographic bowel echogenicity was evaluated 12 hours and 2 weeks after the procedure. HEB was observed 12 hours after the procedure in 25% of cases and 18% after 2 weeks (21,30). In our study, vaginal bleeding was seen in 10 cases during pregnancy. There was no statistically significant difference between the isolated HEB and HEB with structural anomalies. We found the distribution equal.
According to the data obtained in our study, it can say that isolated HEB is more prone to food allergy than HEB fetuses with structural anomalies. It should be kept in mind that allergic diseases such as celiac disease and lactose intolerance may occur in the postnatal period in isolated HEB. Further studies are needed on this subject. Isolated HEB should be evaluated as a minor marker as a variant of normal. HEB may be associated with additional diseases. Confirmation of such associations by prenatal chromosomal diagnostic test minimizes the risks of perinatal complications. 
